Objectives: To explore associations of dietary diversity with cognitive function among Chinese elderly. Design: This cross-sectional study was conducted in 2011-2012, data were analyzed using multiple linear regression and logistic regression models. Setting: community-based setting in the 23 provinces in China. Subjects: 8,571 elderly participants, including 2984 younger elderly aged 65-79 and 5587 oldest old aged 80+ participated in this study. Measurement: Intake frequencies of food groups was collected and dietary diversity (DD) was assessed based on the mean of DD score. Cognitive function was assessed using the Chinese version of Mini-Mental State Examination (MMSE), and cognitive impairment was defined using education-based cutoffs.
Introduction
The proportion and number of older people have been significantly increased in the past half-century worldwide, owing to decreased fertility and increased life expectancy, consequently, the overall prevalence of age-related health conditions, such as cognitive impairment and dementia, have increased. Indeed, the prevalence of dementia has steadily increased in the past two decades in China (1) . Therefore, exploring modifiable risk factors for cognitive impairment is critical for the development of intervention strategies, among which dietary diversity (DD) is likely very important.
Dietary diversity (DD), which is defined as the number of different food groups consumed over a given reference period (2) , has been universally recognized as a key element of high quality diets and recommended in dietary guidelines (3) . DD may benefit human health in several dimensions, for example, encouraging biodiversity and sustainability and minimizing the adverse effect of foods on health (4), in addition, some studies suggest that DD can serve as an indicator of nutrient adequacy and health status among the elderly (5) , and that high nutrient adequacy was possibly associated with better cognitive performance (6) . However, very few studies have directly investigated the association of DD with cognitive function in old age (7) , especially in Chinese elderly, although there are some studies investigating the associations of diet or dietary patterns with cognitive function (8, 9) .
Besides, as studies showed, the risk of cognitive impairment increases with age, the prevalence of cognitive impairment in the oldest old (aged 80 and over) is much higher than that in the younger elderly (10) , but whether association of DD with cognitive function is affected by age stages is never investigated.
In this study, we sought to explore association of DD with cognitive impairment among the Chinese elderly and whether the association was affected by age, using the community-based Longitudinal Healthy Longevity Survey (CLHLS) study.
Methods

Study subjects
Participants were derived from a sample of people aged 65 years and older who underwent the sixth wave assessment of the Chinese Longitudinal Healthy Longevity Survey (CLHLS) conducted in 2011-2012. CLHLS was the first national longitudinal survey on determinants of healthy aging in China; CLHLS compiled extensive longitudinal interview data on a very large population sample of the oldest old (age ≥80 years) and younger elderly (age 65-79 years). Details of the study design have been described elsewhere and data quality was reported to be generally good (11) . Briefly, of the 9765 persons who participated in the cross-sectional 2011-2012 wave of assessment, 1194 were excluded due to missing data on key variables, such as cognitive function and dietary diversity. Thus, the analytical sample included 8571 persons, of these, 2984 were aged 65-79 (younger elderly group) and 5587 were aged 80+ (oldest-old group). The CLHLS was approved by the ethics committee of Peking University, and written informed consents were obtained from all participants (or their proxies).
DIETARY DIVERSITY AND COGNITIVE FUNCTION AMONG ELDERLY PEOPLE: A POPULATION-BASED STUDY
Assessment of Cognitive Function
Global cognitive function was assessed using the Chinese version of the Mini-Mental State Examination (MMSE) that had been validated among Chinese elderly (12) . Because performance on the MMSE test was strongly associated with education level (13, 14) , we used the validated education-based cutoff scores for the MMSE test to define cognitive impairment, i.e., 19/20 for those without formal education, 22/23 for those with 1-6 years of formal education (primary school), and 26/27 for those with more than 6 years of education (middle school or higher) (15) .
Assessment of dietary diversity
In CLHLS, all participants were asked to report intake frequencies of various food groups, including, vegetables, fruits, legumes and its products, nuts, meat, eggs, fish, milk and dairy products, tea, as well as cereals and oil. Because the cereals and oil are absolute necessary food groups in Chinese daily diet, so these two food groups were not included in assessing DD, hence we can construct DD more purposefully, besides, the nine food groups above were shown to be possibly associated with cognition function in prior some studies, which accords with the principle that selection of food groups for assessing DD can be driven by the specific purposes (16) . The intake frequency of every food group was measured on a 5-point scale, i.e., 'almost every day', 'once per week at least', 'once per month at least', 'occasionally', and 'rarely or never'. If the response for one food group was 'almost every day' or 'once per week at least', then one point was given, otherwise no point was given. The DD score (DDS) was equal to the sum of the points for all nine food groups mentioned above. The total DDS ranged from 0 to 9, with the higher DD score indicating better dietary diversity.
Covariates
Data were collected through face-to-face interviews. Information of socio-demographics (age, sex, education and marital status), lifestyles (smoking, alcohol drinking, physical activities, leisure activities and social activities), resilience, waist circumference, blood pressure, hearing decline, activities of daily life (ADL) disability, diabetes, and stroke were collected. We defined and categorized covariates as previous CLHLS study (17) (18) (19) .
Marital status was dichotomized as married and nonmarried, the latter included those divorced, widowed or never married. Alcohol drinking was defined as 'yes' if one drink alcohol one time per month or more in the last year. Physical activities were assessed by two questions: 1. 'Do you currently participate in physical exercise (e.g., walking, playing football, basketball or volleyball, and running etc.)? We dichotomized the responses into 'yes' and 'no'. 2. Do you conduct some personal outdoor activities? The response was measured by five-point scale, i.e., 'almost every day', 'once per week at least', 'once per month at least', 'occasionally', and 'rarely or never', we dichotomized the response into 'yes' if the answer was 'almost every day' or 'once per week at least', else the response is 'No'. Physical activities were defined as 'yes' if the response of either physical exercise or personal outdoor activities is 'yes'. Leisure activities included growing flowers, raising pets, reading books, playing cards, watching TV and listening to the radio, it was defined as 'yes' if the frequency of any item above is once per week or more. Social activities included support of housekeeping and taking part in organized social activities, and it was defined in the same way with leisure activities (18) . Resilience was assessed by a simplified resilience score emphasizing coping and adjusting among the elderly and reflecting personal tenacity, optimism, coping with negative mood, secure relationship, and self-control (20) , with the higher scores reflecting greater resilience, and higher resilience defined as a score ≥16. Physical examinations were also conducted by medical personnel. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured twice on the right arm in the sitting position, and the mean values were used. Waist circumference was measured using a nonstretchable tape in centimeters at a level between the lowest rib and Iliac crest (Ilium) with the subjects lightly clothed, the abdominal obesity was defined based on waist circumference using the following criterion: >90cm for male and >85cm for the female. Hearing decline was assessed by the question 'Does your hearing decline these years?'. ADL was assessed using the Katz Activities of Daily Living Scale (21) . Subjects were asked if they experienced difficulty in performing the following six activities: bathing, dressing, toileting, transfers, continence and eating. ADL disability was defined as 'yes' if they had difficulty in performing any one or more of these ADL tasks. Diabetes and stroke was defined according to self-reported diagnosis of diabetes and stroke, respectively (19) .
Statistical analysis
Subject characteristics by cognitive impairment status were compared by t-test for continuous variables and by chi-square tests for categorical variables. Primary analysis showed that the DDS distribution of this sample was normal, and because there are no established cut-off points in terms of number of food groups to indicate adequate or inadequate dietary diversity, so subjects were categorized into two groups, poor DD group and good DD group, based on the mean value of DDS in the sample as FAO suggested (22) , those having DDS above the mean value were categorized as 'good', while others were grouped into 'poor'. For every food group, the prevalence of getting one score was analyzed among the good DD group and the poor DD group, respectively.
We used general linear regression analysis to estimate the β coefficient and 95 % confidence interval (CI) of MMSE score associated with DD, in which MMSE score was transformed to -log (31-MMSE score) because of skewed distribution of the original MMSE score. Logistic regression was used to analyze associations of DD with cognitive impairment, in which the group of good DD was defined as the reference group, odds ratio (OR) and 95% CIs were also calculated to show the risk of cognitive impairment for the poor DD compared with the group of good DD. We reported results from three models: model 1 was adjusted for demographic variables (i.e., age, sex, education, marital status); model 2 was adjusted additionally for smoking, alcohol drinking, physical activities, leisure activities, social activities and resilience; and model 3 was further adjusted for health status, including SBP, abdominal obesity, ADL disability, stroke, and diabetes. These variables were chosen because previous studies showed that these factors were associated with cognitive function. To explore whether there is age difference in the association of DD with cognitive function, we further assessed interaction effect of DD with age on MMSE score and cognitive impairment, respectively. Then we further investigated these associations among the younger elderly and oldest old, separately. Finally, to test the robustness of our results obtained, the subjects were further categorized into four groups based on the internal distribution of DDS, i.e., Best DD group for DDS ≥ 7, Second DD group for 5≤ DDS <7, Third DD group fro 3≤ DDS <5 and the Poorest DD group for DD score <3, then the same statistics analysis was conducted. All statistical analyses were performed with SAS, version 9.2 (SAS Institute Inc., Cary, NC, US). P<0.05 was considered statistically significant, and all P values were two-sided.
Results
The characteristics of study participants by cognitive function status are listed in Table 1 . Compared with the subjects with normal cognition, those with cognitive impairment were older and less educated, and they usually reported fewer physical activities, leisure activities and social activities, in addition to poor resilience and a higher prevalence of stroke history, hearing decline and ADL disability. The mean DD score of those with normal cognition was higher than that of those subjects with cognitive impairment (4.61 versus 4.09). Distribution analysis of getting one score showed that the prevalence of getting one score were higher in the good DD group than those in the poor DD group for every food group (p<0.01 for all food group). Among the good DD group, except the tea drinking and nut intake, the prevalence of getting one point for other seven food groups were higher than 50%. However, among the poor DD group, only for vegetable (79.53%) and meat (55.91%), were the prevalence higher than 50% (Table 2) . Compared with good DD, poor DD was significantly associated with decreased cognitive function, with β (95% CI) of -0.11(-0.14, -0.08) for -log (31-MMSE) (p<0.01), and odds ratio (95% CI) of 1.29 (1.14, 1.47) for cognitive impairment in the model 3 (Table 3) .
We observed statistically significant interaction of age with DD on cognitive impairment (p interaction=0.018), but not on -log (31-MMSE) (p interaction=0.08). Further separate analysis showed that DD was significantly associated withlog (31-MMSE) in both the younger elderly and the oldest old (p<0.01), with basically same β (95% CI) values. Poor DD was significantly associated with cognitive impairment only in the oldest old (p<0.01), with odds ratio (95% CI) of 1.34 (1.17, 1.54), while not in the younger elderly (p>0.05), with OR (95% CI) being 1.09 (0.80, 1.47) in the fully adjusted model (Table  4) .
When DD was categorized into four groups, similar results were obtained (Supplementary Table1 and Supplementary  Table 2 ).
Discussion
In this study, we found the mean DD score of this sample was 4.46, the DD score of those with normal cognition was higher than that of subjects with cognitive impairment, results also showed that poor dietary diversity was significantly associated with worse cognitive function, which was consistent with one study conducted among Japanese elderly (7). This finding, if validated in intervention trial, can be taken as one new supplement to those personalized intervention strategies (23) ,
There are several explanations for our finding. First, DD score was a useful proxy indicator of nutrient adequacy in the elderly (24) , good DD is associated with adequate intake of nutrients and better nutritional status (25) , and good nutritionstatus trajectory is associated with better cognitive function (26) ; while poor DD may mean malnutrition characterized by poor nutrients intake, less energy reservoir and some adverse effects, for example, impaired immunity, increased risk of infectious diseases and multi-morbidities, while malnutrition was shown predictive for cognitive function decline (5, 27) . Second, the action of many nutrients is dependent on the presence of other nutrients from various food groups, only in the context of higher dietary diversity, can nutrient balance be reached, and can the effect of disease prevention be observed (4), so those nutrients that are helpful for cognitive function could not function well if dietary diversity was poor. As shown in this study, the food groups consumed frequently, i.e., whose prevalence of getting one score was more than 50%, were only vegetable and meat in the poor DD group, while the food groups consumed frequently in the good DD group included fruits, legumes and its products, eggs, fish, milk and dairy products, as well as vegetable and meat. Third, poor nutritional status and low dietary diversity are associated with a high level of oxidative stress (28, 29) , which would increase the risk of cognitive impairment (30) .
Another interesting finding in our study was the interaction effect of age with poor DD on cognitive impairment. The mechanism underlying was not clear, while there are several explanations. First, the physiology function of chewing, salivation secretion, ingestion and absorption, which influence the nutrient intake, will declined with age (31) , so the capability of nutrient intake in the oldest old will be worse than that of the younger ones, thus make the oldest old more vulnerable and sensitive to poor DD. Second, because of the higher levels of oxidative stress, lower anti-oxidant reservoirs and declined stress resistance (32) (33) (34) , as well as the reduced adaptive ability (homeostasis) (35) , the ability to maintain normal brain function decreased more in the oldest old, and hence make them more likely to be adversely affected when dietary diversity is poor.
Our finding should be explained with several limitations. First, our analysis was cross-sectional, which meant we could not infer a causal relationship. We should consider the reversal causality --preexisting cognitive impairment may also result in a reduced ability to choose and prepare a diet having good DD, future researches analyzing longitudinal cohort data will help to explore the causal association. Second, assessment of dietary diversity was based on the intake frequency of food groups, not on the standard food frequency questionnaire (FFQ), which may limit the generalization of our result, while previous research has shown that, for measurement purposes, food group diversity is an appropriate method because of its simplicity (16) . Third, we could not adjust blood biomarkers variables, while the important variables related with biomarkers, such as the variables about mental status and diseases prevalence, were adjusted.
Strengths of this study were valued to be mentioned. To our knowledge, very few studies have previously investigated the relationship between DD and cognitive function among a large sample of the elderly. In addition, we also observed the interaction effect of poor DD with age on cognitive impairment.
In this large-scale population-based study, we found that dietary diversity is important for cognitive function in the elderly, especially for the oldest old, which have important public health policy implications, because we can suggest the health professionals strengthen health education on dietary diversity among the elderly and their caregivers, hence reduce the prevalence of cognitive impairment.
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